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Abstract. Land use and altered carbon dynamics are two of the primary components
of global change, and the effect of land use on carbon cycling is a crucial issue in regional
scale biogeochemistry. Previous studies have shown that climate and soil conditions control
net primary production (NPP) at regional scales, and that agricultural land use can influence
NPP at local scales through altered water availability and carbon allocation patterns. How-
ever, few studies have attempted to quantify the effect of cultivation on NPP at regional
scales, and no studies have examined this relationship for the most heavily cultivated region
of the United States, the Great Plains. We quantified current regional aboveground and
belowground productivity (including cultivation) for nine years on a county basis from (1)
USDA agricultural census data, and (2) STATSGO range site production values. By com-
paring these data with values of native vegetation NPP (precultivation) derived from
STATSGO, we estimated that cultivation is increasing regional NPP by ;10%, or 0.046
Pg C/yr. In addition, we examined the relationship between cultivation of particular crops
and NPP change and characterized the influence of individual crops on primary productivity.

Key words: agriculture; carbon; cropping; grassland; land use; primary production; regional
scale.

INTRODUCTION

Land use and altered carbon cycling are two major
components of global change (Vitousek 1994). Land
use practices often include dramatic modification of
vegetation and are therefore some of the most direct
and common ways that humans impact ecosystems
(Houghton 1995, Houghton et al. 1999). Cropping is
a widespread component of land use, covering over 1.5
3 109 ha worldwide (Richards 1990). Although crop-
ping has obvious effects on vegetation structure, it also
influences ecosystem processes, including the magni-
tude and direction of the carbon flux between the at-
mosphere and the soil–vegetation system (Houghton et
al. 1999).

Despite the potential impact of land use on ecosys-
tem processes, few studies have attempted to quantify
changes in long-term primary productivity of cultivat-
ed areas over large scales. Many regional scale studies
have focused on patterns in native plant production in
relation to climatic and/or edaphic conditions (e.g.,
Lieth 1975, Sala et al. 1988, Epstein et al. 1997). Of
the studies that have examined the relationship between
land use and carbon cycling, most have either (1) ex-
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amined carbon release from initial land conversion (ei-
ther into or out of cultivation) at large scales, (2) quan-
tified changes in carbon cycling processes at small
scales, or (3) used ecological simulation models, re-
mote sensing, and/or atmospheric models to estimate
large-scale carbon cycling processes.

The first type of studies combines information about
the amount of land converted with results about gain
or loss of carbon (soil carbon or standing biomass) as
a result of conversion (e.g., Dale et al. 1991, Houghton
1995, Dale 1997, Paustian et al. 1999). For example,
land conversion from native vegetation into cropping
in the United States prior to 1945 is estimated to have
released 27 Pg of carbon, whereas subsequent aban-
donment, forest regrowth, and fire suppression have
sequestered ;2 Pg C (Houghton et al. 1999). Although
this work provides insight into the initial impact of
land conversion and subsequent carbon exchange, it
does not help us to understand how land use practices
influence primary productivity in areas already con-
verted.

The second type of studies relies on site-level mea-
surements of productivity in cropped and uncropped
comparisons to quantify the long-term changes in pro-
ductivity. These results indicate that cropping in tem-
perate grasslands typically increases aboveground pro-
ductivity (Buyanovsky et al. 1987, Kucharik et al.
2001), can decrease belowground productivity (Smith
2003), and almost always decreases soil carbon (Burke
et al. 1997). Although these studies provide valuable
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TABLE 1. Area harvested from each crop, as well as total
areas harvested and unharvested in the U.S. Great Plains,
expressed as a percentage of the total region.

Crop Area (%)

Wheat 10.02
Corn 4.50
Hay 3.39
Soybeans 2.60
Sorghum 1.62
Cotton 0.95
Barley 0.89
Sunflowers 0.57
Oats 0.33
Beans 0.21
Potatoes 0.04
Rye 0.02
Total crop area 25.14
Total area without crops 74.86

site-level results and potential confirmation of larger
scale studies, extrapolating these results to larger areas
involves numerous scaling problems (Wiens 1989) and
may ultimately require some estimates at multiple spa-
tial scales (Wessman 1992).

Modeling and remote sensing exercises have pro-
vided estimates of productivity and carbon flux at both
global and regional scales (e.g., Parton et al. 1993, Law
and Waring 1994, Field et al. 1995, Fan et al. 1998,
Moulin et al. 1998, DeFries et al. 1999, Potter et al.
1999, Prince et al. 2001, Guerschman et al. 2003). Pot-
ter et al. (1993) used remotely sensed vegetation ob-
servation data constrained by weather observations to
derive a global annual net primary productivity (NPP)
estimate of 56.4 Pg C and DeFries et al. (1999) com-
bined remotely sensed measurements of land cover
change with modeled cover-type specific NPP approx-
imations to estimate that conversion to agriculture has
increased NPP by 0.102 Pg C in North America. Pre-
viously, these studies provided the only large-scale es-
timates of carbon cycling and, therefore, the only
means for quantifying the impact of land use on these
processes. However, these results include major as-
sumptions about scaling site-level results (Wiens 1989)
and have generally operated without validation of their
large-scale estimates. In addition, these studies typi-
cally quantify processes under current conditions only,
whereas understanding the impact of cropping on pro-
ductivity requires accurate productivity estimates for
current land use patterns and estimates in the absence
of cultivation.

Quantifying how cropping has modified carbon flux-
es at large scales and over long time periods is crucial
for understanding the potential consequences of this
widespread land use practice. In this study, we quan-
tified the relationship between cultivation and NPP in
the U.S. Great Plains by characterizing regional pro-
ductivity both with and without cropping. Our specific
objectives were: (1) to estimate regional NPP and car-
bon allocation patterns in the absence of cropping; (2)
to include cropping information in these calculations
to estimate current productivity and allocation; (3) to
combine results from objectives 1 and 2 to quantify the
influence of cropping on regional NPP; and (4) to iden-
tify the direction and magnitude of influence of specific
crops on productivity.

METHODS

Study site

Covering 23% of the contiguous United States, the
Great Plains region extends from the Canadian border
to central Texas, and from the Rocky Mountains to
approximately the 95th meridian. Annual precipitation
occurs primarily during summer months, and varies
from ,400 mm in the west to ;1000 mm in the east.
Mean annual temperature ranges from 38 to 218C from
north to south (Lauenroth and Burke 1995). Native

plant communities include southern mixed prairie,
shortgrass steppe, tallgrass prairie, and northern mixed
prairie (Lauenroth et al. 1999). Patterns of land use
follow the precipitation gradient, with primarily grazed
native grassland and limited dryland and irrigated crop-
land in the west, wheat in the central part of the region,
and nearly contiguous cropland in the east (Table 1).
For this study, we collected data for 1991–1999 for 630
counties that historically contained at least 70% of the
following vegetation types: northern mixed grass prai-
rie, shortgrass prairie, tallgrass prairie, tallgrass savan-
na, southern mixed grass prairie, desert savanna, and
floodplain forests as defined by Kuchler (1964; see
Fig. 1).

Precultivation productivity

Total net primary productivity (NPP) is the sum of
aboveground net primary productivity (ANPP) and be-
lowground net primary productivity (BNPP). Native
ANPP estimates were derived from the USDA STATS-
GO database (USDA Soil Conservation Service 1989).
The U.S. Department of Agriculture has divided each
state into ‘‘range sites,’’ and for states in the western
United States it has provided estimates of range site
production based on measurements of aboveground
biomass (SCS 1976). We entered these values and spa-
tial locations into a GIS and used ARCINFO (ESRI
1996) to overlay a county map onto the range site pro-
duction map and to calculate the area-weighted average
range site production value for each county. Measuring
BNPP involves quantifying root growth, and conse-
quently is much more difficult than estimating ANPP
(Lauenroth 2000). Although no widespread empirical
BNPP data sources exist, recent work (Gill et al. 2002)
has indicated that BNPP in grassland systems can be
calculated from three other variables: maximum yearly
instantaneous belowground biomass (BGBtot), maxi-
mum proportion of BGBtot that is alive during the year
(BGBlive/BGBtot), and root turnover (T) according to the
following equation:
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FIG. 1. Cropping intensity (NASS 1998) for counties in
the U.S. Great Plains and climatic conditions in the region.

BGBliveBNPP 5 BGB 3 3 T.tot 1 2BGBtot

Gill et al. (2002) used these relationships along with
reported pairs of BNPP and ANPP values to generate
equations to predict BNPP from ANPP and temperature
in grasslands. Their results indicated that BGBtot,
BGBlive/BGBtot, and T can be estimated from peak an-
nual aboveground biomass (AGBIO) and mean annual
temperature (MAT) as

BGB 5 79 3 AGBIO 2 33.3(MAT 1 10) 1 1289tot

BGBlive 5 0.6
BGBtot

0.0463MATT 5 0.2884 3 e .

We utilized these relationships to represent BGBtot,
BGBlive/BGBtot, and T, and calculated BNPP for each
county. Since grassland ANPP in many areas can be
equated to AGBIO (Lauenroth et al. 1986), we used
our ANPP estimates as a surrogate for AGBIO. By
dividing belowground production by aboveground pro-
duction, we calculated a county-wide belowground to
aboveground ratio that provides a simple indicator of
how photosynthetic products are being allocated into
plant components.

Current productivity

To quantify current productivity, we represented
each county as a mixture of cropped areas and un-

cropped areas, which we assumed to be native vege-
tation. The USDA National Agricultural Statistics Ser-
vice (NASS 1998) maintains records of acreage and
economic yield for most crops produced in the United
States. Following the approach detailed in Prince et al.
(2001), economic yield (i.e., bushels or tons per unit
area) was translated into ANPP and BNPP by using
moisture content information from Martin et al. (1976),
harvest index values (ratio of biomass harvested to total
aboveground biomass), and resource allocation ratios
(ratio of belowground productivity to aboveground
productivity; Appendix A). ANPP and BNPP for areas
cropped in annual plants were calculated as

ANPP 5 EY 3 (1 2 MC) 3 (1/HI)

BNPP 5 ANPP 3 (RS)

where EY is economic yield, MC is moisture content,
HI is harvest index, and RS is the root to shoot allo-
cation ratio.

Since total county ANPP includes a mixture of
cropped and uncropped areas, we calculated county
ANPP as the area-weighted average of ANPP for each
crop and native ANPP of the county in the absence of
cropping (based on STATSGO data). To estimate whole
county BNPP we estimated BNPP values for each crop
and for native vegetation and calculated the area-
weighted average. We used published crop ANPP and
BNPP values to determine allocation ratios for culti-
vated areas and utilized county ANPP and BNPP es-
timates from the precultivation estimates to estimate
allocation for the remainder of the county.

Comparison of current and precultivation
productivity

We calculated the effect of cropping on production
in each county as current production minus native pro-
duction. To further characterize the link between crop-
ping and productivity change, we plotted change in
ANPP, BNPP, and NPP against cropping intensity for
all counties. To quantify the current proportion of pro-
ductivity that is derived from cropping, we compared
NPP estimates from cropped areas with total current
county NPP estimates for every county. Proportions
for the entire region were obtained by summing cul-
tivated NPP across the entire region and comparing it
to current regional NPP.

Characterization of productivity change

To characterize the effect that specific crops have
had on primary productivity, we performed separate
multiple stepwise linear regressions (acceptance and
rejection criteria of a 5 0.05 with order determined by
significance) with NPP, ANPP, and BNPP as dependent
variables and the proportion of the county planted in
corn, wheat, soybean, sorghum, and hay as separate
independent variables. These regression models take
the following form:
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R 5 b C 1 b C 1 . . . 1 b C1 1 2 2 i i

where R is the response variable (NPP, ANPP, or
BNPP), i is the number of crops included in the model,
bi is coefficient for crop i, and Ci is the proportion of
crop i harvested in each county. The crop coefficients
produced by this process allowed us to identify both
the direction of the influence that each crop has on
productivity (positive sign indicates that the crop in-
creases productivity and negative sign suggests that the
crop decreases productivity), and the magnitude of the
influence (since the crop variables are all proportions
of the county, the size of the coefficients indicate the
magnitude of the effect). We report both the partial R2

attributable to each crop (determined by type III errors)
and the overall model R2 after each step.

RESULTS

Precultivation productivity

County level precultivation ANPP estimates aver-
aged 164 g C/m2 and ranged from 39 g C/m2 in the
western part of the Great Plains to 336 g C/m2 in the
east (Figs. 2A, 3). Annual ANPP of native vegetation
for the region was estimated at 0.253 Pg C/yr. Estimates
of precultivation BNPP averaged 122 g C/m2 and
ranged from 86 g C/m2 for counties in the southwest
to 165 g C/m2 in the eastern part of the region (Figs.
2D, 4). We estimated yearly regional BNPP as 0.208
Pg C/yr. Combining native ANPP and BNPP produced
native NPP estimates averaging 285 g C/m2 and ranging
from 125 g C/m2 to 501 g C/m2 (Fig. 4) with a yearly
regional NPP estimate of 0.461 Pg C/yr. As expected
in water-limited systems, precultivation NPP patterns
were strongly linked to precipitation (Fig. 3A) and gen-
erally increased from west to east (Sala et al. 1988:
Fig. 2G).

Current productivity

Our estimates of current county ANPP averaged 177
g C/m2 with a range of 42–620 g C/m2 (Fig. 4) and
displayed spatial patterns that generally increase with
precipitation from west to east (Fig. 2C). However,
precipitation had a much weaker relationship with cur-
rent NPP (R2 5 0.289) than it did with native NPP (R2

5 0.667; Fig. 3). County values of current ANPP com-
bined to estimate a regional yearly ANPP of 0.319
Pg C/yr. Current BNPP estimates ranged from 59 to
157 g C/m2, averaged 105 g C/m2, and generally in-
creased from southwest to northeast (Figs. 2E, 4). Sum-
ming county BNPP results over the entire region yield-
ed regional annual BNPP estimate of 0.188 Pg C/yr.
NPP estimates under current conditions averaged 282
g C/m2 and ranged from 129 to 749 g C/m2 (Fig. 4).
Over the entire region, we estimated current yearly NPP
as 0.507 Pg C/yr. Our data indicate that 25.1% of this
region is currently cropped (Table 1), that the per-
centage of primary productivity accounted for by crop-
ping for individual counties ranges between zero and

95% (Appendix B) and the regional total is 0.173 Pg,
or 34% of current productivity.

Comparison between precultivation
and current productivity

Comparing county values of total current productiv-
ity with and without cropping suggested that cropping
has had more positive than negative influences on car-
bon uptake (Fig. 5). Comparison of aboveground pro-
ductivity estimates from current crop statistics and na-
tive vegetation indicated that cropping has increased
ANPP by an average of 37 g C/m2 with a minimum of
236 g and maximum of 1408 g C/m2 (Fig. 4). How-
ever, our results suggested a negative effect of cropping
on BNPP, with an average change of 211 g C/m2 (range
from 262 to 123 g C/m2; Fig. 4). ANPP and BNPP
combined to produce a positive effect on total NPP
averaging 26 g C/m2 (from 286 to 1411 g C/m2; Fig.
4). Not surprisingly, heavily cropped counties in the
central part of the region displayed the greatest change
(Fig. 2B, H). For the calculations used in this study,
we assumed uncultivated areas to be native vegetation,
so the maximum potential change in productivity is
related to the proportion of the county that is cropped.
Consequently, counties with a high proportion of crop-
ping (Fig. 1) had a commensurately high potential for
altered productivity in the form of increased ANPP or
decreased BNPP (Fig. 6). The positive effect of crop-
ping on ANPP and negative effect on BNPP combine
to alter carbon allocation patterns to favor aboveground
production. This result is especially evident in heavily
cropped counties in the northeast part of the U.S. Great
Plains (Appendix C). These results indicate a regional
yearly increase of 0.066 Pg C/yr for ANPP, a decrease
of 0.020 Pg C/yr for BNPP, and an increase of 0.046
Pg C/yr for NPP.

Characterization of productivity change

All five of the major crops (corn, wheat, soybean,
sorghum, and hay) were significantly related to the es-
timated change in NPP, ANPP, and BNPP between pre-
cultivation and postcultivation, with P , 0.01 in all
cases except sorghum and NPP (Table 2). The complete
models, which include all five crops and an intercept,
explained 89% of the variance in ANPP change, 74%
of the variance in BNPP change, and 83% of the NPP
change, and all have 624 degrees of freedom. Corn,
wheat, and sorghum are all positively related to ANPP
change, with corn having the largest effect, followed
by sorghum. Soybean and hay both have modest neg-
ative effects on ANPP (Table 2). BNPP change has
small positive relationships with both corn and hay, but
has negative relationships of larger magnitude with
soybean, sorghum, and wheat (Table 2). Total NPP
change shows a very large positive correlation with
corn, and smaller positive effects of sorghum and wheat
(Table 2). On the other hand, NPP is negatively related
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FIG. 2. Precultivation, current, and change in aboveground, belowground, and total net primary productivity in the U.S.
Great Plains, by county.
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FIG. 3. Aboveground productivity as a function of mean annual precipitation (MAP) for counties in the U.S. Great Plains
under (A) precultivation conditions and (B) native conditions. In panel (B), each number represents a county, and number
values refer to the percentage class of cropped area in each county that is irrigated: 0 indicates 0–10% irrigated, 1 indicates
10–20% irrigated, and so forth.

FIG. 4. Box plots showing the distribution of county-level estimates of precultivation, current, and change in total net
primary productivity (NPP), aboveground net primary productivity (ANPP), and belowground net primary productivity
(BNPP). Solid lines in the boxes represent the median; dashed lines represent means. Box boundaries indicate 25th and 75th
percentiles, while capped vertical lines show 10th and 90th percentiles. Dots show all outliers.
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FIG. 5. Current net primary productivity vs.
precultivation net primary productivity for
counties in the U.S. Great Plains. Each data
point represents a county, and number values
refer to the percentage class of cropped area in
each county that is irrigated: 0 indicates 0–10%
irrigated, 1 indicates 10–20% irrigated, and so
forth.

FIG. 6. Change in net primary production (g/m2) as a
function of cropping intensity (proportion of the county that
is cropped) for counties in the U.S. Great Plains. Each data
point represents a county, and number values refer to the
percentage class of cropped area in each county that is irri-
gated: 0 indicates 0–10% irrigated, 1 indicates 10–20% ir-
rigated, and so forth.

to soybean and hay, with soybean indicating a large
negative effect and hay a much smaller effect.

DISCUSSION

We estimated that cultivation has increased above-
ground net primary productivity (ANPP) by 0.066 Pg
C/yr, decreased belowground net primary productivity
(BNPP) by 0.020 Pg C/yr, and increased net primary
productivity (NPP) by 0.046 Pg C/yr. These estimates
represent a 26% increase in ANPP, a 10% decrease in
BNPP, and a 10% increase in total NPP. DeFries et al.
(1999) used independent data sources and concluded
that conversion to agriculture has increased NPP in
North America by 0.102 Pg C/yr. Our estimate of NPP
increase in the U.S. Great Plains is roughly half of the
continental estimate generated by DeFries et al. (1999),
and appears reasonable considering the intensity of ag-
riculture in the U.S. Great Plains when compared to
much of the rest of the continent. By comparison, es-
timates of the net carbon sink (net primary production
minus decomposition) are 0.3–0.6 Pg C/yr for the con-
terminous United States (Pacala et al. 2001). Our over-
all observation that cropping increases both NPP and
ANPP is consistent with other observations (DeFries
et al. 1999) for semiarid temperate areas (Guerschman
et al. 2003), but may not apply to more mesic or sub-
tropical regions (Paruelo et al. 2004)

Our estimates of both native and current ANPP val-
ues and spatial patterns are consistent with prior studies
of ANPP for native vegetation in the Great Plains (Sala
et al. 1988, Epstein et al. 1997, Lauenroth et al. 1999).
Similar to previous studies, we observed a positive
linear relationship between precipitation and ANPP for
grassland areas (Lauenroth 1979). The existence of a
relationship between precipitation and current ANPP
suggests that precipitation is still an important deter-
minant of production, but the fact that the relationship
is weaker than under native conditions indicates that
cultivation is at least partially removing these grassland
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TABLE 2. Results from stepwise linear regressions of the change in total net primary pro-
ductivity (NPP), aboveground net productivity (ANPP), and belowground net productivity
(BNPP) as a function of the cropping intensity of corn, soybeans, wheat, hay, and sorghum.

Pool Variable
Parameter
estimate Step Partial R2 Model R2 P

NPP intercept 24.71
corn 667.72 1 0.7343 0.7343 ,0.0001
soybeans 2302.05 2 0.0743 0.8086 ,0.0001
wheat 70.43 3 0.0146 0.8231 ,0.0001
hay 2101.45 4 0.0025 0.8257 0.0027
sorghum 76.83 5 0.0016 0.8272 0.0176

ANPP intercept 21.97
corn 631.53 1 0.7946 0.7946 ,0.0001
wheat 131.21 2 0.0583 0.8529 ,0.0001
soybeans 2170.43 3 0.0234 0.8763 ,0.0001
hay 2122.52 4 0.0095 0.8858 ,0.0001
sorghum 191.07 5 0.0038 0.8896 ,0.0001

BNPP intercept 22.74
soybeans 2131.62 1 0.2578 0.2578 ,0.0001
wheat 260.78 2 0.3511 0.6088 ,0.0001
sorghum 2114.24 3 0.0796 0.6885 ,0.0001
corn 36.19 4 0.0474 0.7359 ,0.0001
hay 21.07 5 0.0029 0.7388 0.0087

ecosystems from climatic constraints to productivity.
Our BNPP estimates are also consistent with empirical
grassland BNPP measurements (Gill et al. 2002). Our
NPP values are very similar to those of Prince et al.
(2001), who also used crop statistics to estimate pro-
duction for counties in the eastern part of this region.
Comparing these results to previous site-level studies
is inherently difficult because values from this study
represent entire counties containing diverse land use
types, whereas other studies typically measure NPP for
specific sites within a county that may represent one
or a few land use types. Lauenroth et al. (2000) cal-
culated ANPP of winter wheat in 19 counties across a
transect between northeast Colorado and northern Kan-
sas and estimated ANPP at ;150 g C/m2. Our whole-
county estimates for the same 19 counties averaged 144
g C/m2, slightly lower because we included uncropped
areas that are likely to have slightly lower ANPP.

Our results indicate that many of the counties with
especially large changes in primary production (Figs.
5, 6) and high current NPP relative to mean annual
precipitation (Fig. 3) are counties with substantial ir-
rigation in cropped areas. This suggests that irrigation
may be accounting for much of the change in primary
productivity as a consequence of cropping practices.
In semiarid areas, water availability is crucially im-
portant for vegetation dynamics (Noy-Meir 1973), so
it is not surprising that widespread irrigation elevates
primary production. Although our analysis did not ex-
plicitly address the affects of fertilization, it is also
reasonable to expect that fertilizer additions in cropped
areas may contribute to our observations of increased
net primary productivity.

Our results suggest that 34% of the total primary
productivity in this region is now accounted for by
cultivation. Global estimates suggest that approxi-
mately one-third of total primary production is utilized

by all human activities (Vitousek et al. 1986). However,
more recent analyses of uncertainty have indicated that
the actual value may lie somewhere between 10 and
55%, and have identified large-scale agricultural pro-
duction as a primary source of the uncertainty (Rojst-
aczer et al. 2001). Our results provide a more accurate
estimate of the fraction of regional primary production
accounted for by cropping in this region. However, this
estimate does not consider the primary production that
is utilized by livestock grazing, a nearly ubiquitous
practice in much of the uncultivated U.S. Great Plains,
or other human endeavors. Consequently, we expect
the actual value of total primary productivity appro-
priated by humans to be substantially .34% for the
U.S. Great Plains.

Our finding that approximately one-third of primary
production is represented by cultivated crops raises im-
portant questions about the fate and sustainability of
the observed 10% increase in regional production. As-
suming that roughly 50% of primary production in cul-
tivated crops is harvested and removed from the field
(Appendix A), our results imply that 17% of net pri-
mary production is removed from the U.S. Great Plains.
Continuous biomass removals of this magnitude will
have important impacts on carbon storage and the long-
term fertility of these ecosystems. Substantial data have
accumulated documenting both losses of soil organic
carbon and well as associated nutrients and these find-
ings have resulted in a large number of experiments
investigating alternative strategies to mitigate these
losses (Paul et al. 1997).

In addition to modifications of total primary pro-
duction, our results indicate that cultivation is causing
a large-scale alteration of carbon allocation patterns to
favor aboveground biomass (Appendix C). This mod-
ification of allocation patterns as a result of cultivation
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has been previously observed at small scales (Smith
2003) and may have consequences for long-term car-
bon storage due to different decomposition rates for
aboveground vs. belowground litter.

The relationships between specific crops and changes
in productivity are consistent with expectations based
on life history strategies and previous results. Corn is
one of the most productive cereal crops grown in this
region (Goudriaan et al. 2001), is a frequent choice for
irrigated fields, and is therefore likely to cause in-
creased ANPP and NPP. In the western part of the re-
gion, irrigation is primarily concentrated on corn crops,
because these have the highest potential for economic
return. Since hay plants are perennial and, like native
grasses, are likely to invest substantial resources in
belowground structures, it is logical to expect hay to
have minimal impact on both ANPP and BNPP com-
pared to other annual crops. Soybean, sorghum, and
wheat have intermediate biomass production, are not
as commonly irrigated, and, because they are annuals,
they are unlikely to invest substantial resources below-
ground. Thus the observed negative relationships be-
tween these crops and BNPP are not surprising. The
positive relationship between both sorghum and wheat
and the change in ANPP is likely a consequence of
these crops allocating most of their growth to above-
ground structures and taking advantage of fertilization.
Soybean, on the other hand, has high energy content
in the yield component and consequently has relatively
small biomass production (Eastin et al. 1983), and is
therefore most likely to have negative consequences
for ANPP.

The results suggest that the direction of relationships
between specific crops and productivity change and the
magnitude of the observed effects varies among crops;
individual crops often can have different, even oppos-
ing relationships with aboveground and belowground
productivity change. Consequently, the localized im-
pact of cultivation on productivity depends on the area
and type of crops grown in a particular region, as well
as climatic (including irrigation) and edaphic (includ-
ing fertilization) conditions. Characterizing the impli-
cations of these results for atmospheric carbon budgets
requires an understanding of how cropping has influ-
enced carbon storage and decomposition rates. Thus
combining these results with large-scale estimates of
soil carbon pools may provide insight into the overall
carbon consequences of cropping. Nevertheless, this
study suggests that cropping has altered, and continues
to alter, primary productivity in the U.S. Great Plains.
These results are rare in their quantification of large-
scale, long-term relationships between land use prac-
tices and ecosystem processes.
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APPENDIX A

Values and references for allocation ratios and harvest indices for agricultural crops in the U.S. Great Plains are available
in ESA’s Electronic Data Archive: Ecological Archives E086-098-A1.

APPENDIX B

A figure showing the proportion of current net primary production that is accounted for by cropping in counties of the
U.S. Great Plains is available in ESA’s Electronic Data Archive: Ecological Archives E086-098-A2.

APPENDIX C

A figure showing carbon allocation ratio, expressed as belowground productivity divided by aboveground productivity for
counties in the U.S. Great Plains under native and current (cropped) conditions is available in ESA’s Electronic Data Archive:
Ecological Archives E086-098-A3.


